Introduction
Importance of cotton (Gossypium sp.), is well known as it is Kharif cash and fibre crop of India known as the "white gold", cultivated throughout the country. Nimar and Malwa Plateau is basically known for the Bt cotton production in Madhya Pradesh. Among the sucking insect pests, aphid (Aphis gossypii Glover), leafhopper (Amrasca biguttula biguttula Ishida) and other sucking insect pests attack at the early stage of the crop. Higher incidence of aphid and jassid was noted in some Bt cotton hybrids which exhibited severe losses to Bt cotton crop (N.V.S.S.D. Prasad et al., 2009) . The continuous cultivation of Bt cotton increased the activities of sucking pests. In present scenario a numbers of sprays of various insecticides are required to manage these insect pests. The continuous and repeated application of various insecticides has created many fold resistance against insecticides (Singh and Jaglan, 2005; Sayyed et al., 2011) . To avoid the resistance against insecticides present study was planned to assess the efficacy of insecticides use in alternation in each spray.
Sucking pests viz., aphids (Aphis gossypii Glover), leaf hopper (Amrasca biguttula biguttula Ishida), whiteflies (Bemisia tabaci Gennadius) and thrips, (Thrips tabaci Lindeman) are deleterious to the cotton crop growth and development (Vennila et al., 2000) . The estimated loss due to sucking pest's complex was up to 21.20 per cent (Dhawan et al., 1988) . Sucking pests viz., aphids (Aphis gossypii Glover), leaf hopper (Amrasca biguttula biguttula Ishida), whiteflies (Bemisia tabaci Gennadius) and thrips (Thrips tabaci Lindeman) are deleterious to the cotton crop growth and development (Vennila et al., 2000) . The estimated loss due to sucking pest's complex was up to 21.20 per cent (Dhawan et al., 1988) . Sucking pests viz., aphids (Aphis gossypii Glover), leaf hopper (Amrasca biguttula biguttula Ishida), whiteflies (Bemisia tabaci Gennadius) and thrips, (Thrips tabaci Lindeman) are deleterious to the cotton crop growth and development (Vennila et al., 2000) . The estimated loss due to sucking pest's complex was up to 21.20 per cent (Dhawan et al., 1988) . Sucking pests viz., aphids (Aphis gossypii Glover), leaf hopper (Amrasca biguttula biguttula Ishida), whiteflies (Bemisia tabaci Gennadius) and thrips (Thrips tabaci Lindeman) are deleterious to the cotton crop growth and development (Vennila et al., 2000) . The estimated loss due to sucking pest's complex was up to 21.20 per cent (Dhawan et al., 1988) .
Materials and Methods
The investigation was undertaken during kharif 2014 at College of Agriculture, Indore under All India Coordinated Cotton Improvement Project in Randomized Block Design (RBD) with eight treatments including untreated check and three replications. The Bt cotton hybrid NCS 927 was sown on 27 th July with the spacing of 0.6x0.6 m. All the recommended agronomical practices were adopted for the proper growth of the crop. Application of continuous six sprays was planned with two insecticides in each treatment for alternate use at 10 days interval with 500 litre water per hectare, sprayed by knapsack sprayer fitted with a duromist nozzle. These treatments were marked as T 1-Imidacloprid (70%WG) @ 24.5 gai/ha & Oxydmeton methyl (25%EC) @ 250 gai/ha, T 2-Thiaclorprid (21.7%SC) @ 30 gai/ha & Dimethoate (30%EC) @ 250 gai/ha, T 3-Imidacloprid (17.8%SL) @ 25 gai/ha & Acephate (75%SP) @ 250 gai/ha, T 4-Imidacloprid (30.5%SC) @ 26.25 gai/ha & Thiamethoxam (25%WG) @ 37.5 gai/ha, T 5-Spiromesifen (22.9%SC) @ 144 gai/ha & Deltamethrin (2.8%EC) @ 15 gai/ha, T 6-Fipronil (5%SC) @ 100 gai/ha & Lambdacyhalothrin (4.9%EC) @ 15 gai/ha, T 7-Acetamiprid (20%SP) @ 30 gai/ha & Difenthiuran (50%WP) @ 300 gai/ha and T 8-Untreated check. Observations were recorded at pre spraying and post spraying after 10 days in each spray on five randomly selected tagged plants per plot. Jassid population were counted on 5 tagged plants per plot with 2 lower, 2 middle and 1 upper leaves per plant and averaged as pest population/5 leaves. Aphid population was counted from 10 cm long twig/plant and five plants /plot.
The data was averaged and analyzed statistically and presented in table 1. Finally the overall population reduction was calculated based on pretreatment observation and observation of last spray.
Results and Discussion
Jassid Jassid population (Table 1 and Fig. 1 ) ranged from 32.34 to 34.21 per 5 leaves before spray of insecticides. All the treatments exhibited a significant reduction in insect population over the untreated check. After first spray highest population reduction was noted in each treatment but in the rest of the sprays insect population reduction was slight. Treatment T6-Fipronil (5%SC) @ 100 gai/ha & Lambdacyhalothrin (4.9%EC) @ 15 gai/ha showed least pest population in each spray and expressed no significant difference with T5-Spiromesifen (22.9%SC) @ 144 gai/ha & Deltamethrin (2.8%EC) @ 15 gai/ha.
Only in second spray additionally treatment T 4-Imidacloprid (30.5%SC) @ 26.25 gai/ha & Thiamethoxam (25%WG) @ 37.5 gai/ha found at par with T6 and T5. Finally based on overall population reduction treatment T6 showed highest reduction in insect population (80.56%) and followed with T5 (74.88%), T2-Thiaclorprid (21.7%SC) @ 30 gai/ha & Dimethoate (30%EC) @ 250 gai/ha, (69.20%), T3-Imidacloprid (17.8%SL) @ 25 gai/ha & Acephate (75%SP) @ 250 gai/ha (67.39%), T4-Imidacloprid (30.5%SC) @ 26.25 gai/ha & Thiamethoxam (25%WG) @ 37.5 gai/ha (64.57%), T7-Acetamiprid (20%SP) @ 30 gai/ha & Difenthiuran (50%WP) @ 300 gai/ha (62.32%) and T1-Imidacloprid (70%WG) @ 24.5 gai/ha & Oxydmeton methyl (25 %EC) @ 250 gai/ha (61.21%). Saner et al., (2013) showed that population of jassid, aphid, thrip was promisingly suppressed by fipronil 80 WG, followed by fipronil 5 SC, acetamiprid 20 SP and lambdacyhalothrin 5 SC. Bodaa and Ilyash (2017) observed better efficacy of spiromesifen 240 SC and fipronil 45 SC against aphid and jassid in cotton.
Further, Patil et al., (2014) noticed that lambda cyhalothrin 5EC @ 0.004% was found most effective after thiamethoxam against okra aphid. Indhumathi et al., (2017) revealed that fipronil 200SC @ 40 and 50 g.a.i./ha were highly effective in checking the mean population of aphid, Myzus persicae in chilli. Kumar et al., (2017) expressed that the three applications of fipronil 5 SC (1 ml /lit) was found significantly most effective after Imidacloprid 17.8 SL (0.5 ml /lit), which caused maximum population reduction per cent of sucking insect pest of brinjal like aphid, and jassid. Kharel et al., (2016) found the effectiveness of Spiromesifen 240 SC @ 150g a.i./ha against jassid (Empoasca kerri) in green gram.
The above findings of these researchers against jassid in cotton and other crops are in close association with the present investigation.
Aphid
Aphid population (Table 2 and Fig. 2 ) ranged from 20.35 to 22.65 per 10 cm twig. Effectiveness of all the treatments showed significant difference with untreated check. The highest population reduction was noted after first spray in each treatment but in rest of the sprays insect population decreased slightly up to the last spray.
In each spray the least aphid population was recorded in T6-Fipronil (5%SC) @ 100 gai/ha and Lambdacyhalothrin (4.9%EC) @ 15 gai/ha as 14.93, 10.81, 7.65, 5.39, 4.74 and 3.45 per 10 cm twig, respectively, exhibited highest efficacy. Treatment T5-Spiromesifen (22.9%SC) @ 144 gai/ha and Deltamethrin (2.8%EC) @ 15 gai/ha performed no significant difference with T6 in all the sprays. 
Fig.2 Efficacy of insecticides against jassid in Bt cotton
Additionally during fourth, fifth and sixth sprays treatment T4-Imidacloprid (30.5%SC) @ 26.25 gai/ha and Thiamethoxam (25%WG) @ 37.5 gai/ha also found at par with T6 and T5.
The highest overall population reduction was also recorded in T6 (84.42%) followed by T5 (81.63%), T4-Imidacloprid (30.5%SC) @ 26.25 gai/ha and Thiamethoxam (25%WG) @ 37.5 gai/ha (79.46%), T7-Acetamiprid (20%SP) @ 30 gai/ha and Difenthiuran (50%WP) @ 300 gai/ha (79.11%), T1-Imidacloprid (70%WG) @ 24.5 gai/ha and Oxydmeton methyl (25%EC) @ 250 gai/ha (77.92%), T 3-Imidacloprid (17.8%SL) @ 25 gai/ha and Acephate (75%SP) @ 250 gai/ha (77.69%) and T 2-Thiaclorprid (21.7%SC) @ 30 gai/ha and Dimethoate (30%EC) @ 250 gai/ha (73.07). Saner et al., (2013) found the efficacy of fipronil 80 WG, followed by fipronil 5 SC, acetamiprid 20 SP and lambdacyhalothrin 5 SC against suppressing the population of jassid and aphid,. Kumar et al., (2017) assessed that the three applications of fipronil 5 SC (1 ml /lit) was found significantly most effective after Imidacloprid 17.8 SL (0.5 ml /lit) in relation to maximum population reduction of sucking insect pest of brinjal including aphid, and jassid. The results of these researchers are in close conformity and supported the present findings.
